INTRODUCTION {#sec1-1}
============

*Cryptosporidium* has emerged as an important cause of diarrheal illness worldwide, especially among young children and patients with immune deficiencies.\[[@ref1]\] The spectrum of intestinal infection ranges from asymptomatic carrier state to severe diarrhea, depending upon the nutritional and immune status of the host and may also vary with infecting species.\[[@ref2]\] In developing countries, the parasite is reported in 24% (range, 8.7-48%) of HIV-seropositive patients and children while in India, it has been reported in 2-36% of such patients.\[[@ref1]--[@ref6]\]

Laboratory diagnosis of intestinal cryptosporidiosis conventionally relies on demonstration of oocysts in stool samples by modified Ziehl-Neelsen (ZN) staining. However, microscopic examination of ZN-stained smears is time-consuming, tedious and has low sensitivity of 37-90%.\[[@ref5][@ref7][@ref8]\] Immunological methods to detect *Cryptosporidium* copro-antigen have been developed but variable sensitivity and specificity of these tests has been reported with different kits.\[[@ref5][@ref9]--[@ref11]\] In addition, the detection limit of ZN staining and ELISA has been reported to be as low as 3×10^5^-10^6^ oocysts/ml of feces.\[[@ref12]\] PCR assays have been used for diagnosis and shown to be more sensitive (97-100%) and specific (100%) than microscopy and ELISA, with analytical sensitivity of 50-500 oocysts/ml of liquid stool.\[[@ref12][@ref13]\] However, need of expertise, cost and availability of reagents has hampered its routine use in the diagnostic laboratories. Thus, one inexpensive approach is to use non-specific fluorescent stains such as auramine-rhodamine or auramine-phenol (AP), which gives yellow fluorescence to *Cryptosporidium* oocysts. Stained slides can be examined at lower power (×200 and ×400) of fluorescent microscope and appropriately sized (4-6 μm) round or slightly oval structures can be suspected of being *Cryptosporidium* oocysts. Moreover, detection efficiency of auramine phenol (1×10^3^ oocysts/g) has been reported to be good but there are no reports of its comparison with ELISA and PCR.\[[@ref14]\]

Thus, the present study was designed to evaluate two staining techniques (ZN and AP), antigen detection ELISA and PCR for the detection of intestinal cryptosporidia.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

The study was carried out on stool samples collected during 2008-2009 in the Department of Parasitology, PGIMER, Chandigarh. The study group included 1074 individuals comprising 671 HIV-seropositive patients with or without diarrhea and attending the immunodeficiency clinic, 353 HIV-seronegative patients including 198 children with diarrhea and 50 HIV-seronegative and apparently healthy individuals without any history of diarrhea. All the subjects were attending the inpatient and outpatient departments of PGIMER, Chandigarh. After obtaining informed consent from each patient, the demographic characters and relevant symptoms were recorded on preplanned proforma.

Stool specimens and processing {#sec2-2}
------------------------------

Fecal samples were collected in clean, wide-mouthed plastic containers. All samples were subjected to formalin-ether concentration (centrifugation at 500×g for 10 min) and examined as wet saline and iodine preparation and permanent staining for the detection of parasites. Two dried smears were prepared from fecal concentrate for special staining of coccidian parasites. A portion of unconcentrated stool samples was stored at --20°C without any preservative for antigen detection and PCR.

Special staining for intestinal coccidia\[[@ref12]\] {#sec2-3}
----------------------------------------------------

Two air-dried smears prepared from stool concentrate were fixed with methanol and then stained separately by cold-strong Ziehl-Neelsen (acid-fast stain, ZN) and Auramine 'O'-phenol (fluorescent stain, AP) staining techniques. ZN-stained smears were examined under oil immersion of light microscope, while AP -stained smears were examined under 20x or 40x objectives of fluorescent microscope (excitation wavelength 350 nm, emission wavelength 450 nm).

Antigen detection {#sec2-4}
-----------------

*Cryptosporidium* antigen was detected by using a commercial ELISA kit for stool samples (IVD Research Inc. CA, USA) according to manufacturer\'s instructions.

Polymerase chain reaction {#sec2-5}
-------------------------

Stool samples from all the patients and healthy individuals were tested for the presence of *Cryptosporidium* DNA by nested PCR.

DNA extraction {#sec2-6}
--------------

DNA was extracted from stool samples stored at --20°C by using QIAmp DNA stool mini-kit (QIAGEN, Hilden, Germany) according to manufacturer\'s instructions with some modifications i.e. initial boiling in 10% PVPP for 10 min to remove PCR inhibitors and samples were heated at 90°C for 5 min in lysis buffer to release *Cryptosporidium* DNA out of hard oocyst walls.

Nested PCR\[[@ref15]\] {#sec2-7}
----------------------

The primer pairs used in this nested PCR detect all the *Cryptosporidium* species known to cause infections in humans. In this 834-bp segment of the *Cryptosporidium* small subunit (SSU) rRNA gene was amplified by nested PCR. The primers, reaction mixture and incubation conditions were similar to as used earlier.

PCR products were analyzed using 1% agarose gel by ethidium bromide staining.

Statistics {#sec2-8}
----------

Data was analyzed using SPSS for Windows Version 16.0 (TEAM EQX). Sensitivity, specificity, positive predictive value and negative predictive values of different diagnostic techniques were determined by standard formula. Significance testing was done using Chi square test with GraphPad software.

RESULTS {#sec1-3}
=======

*Cryptosporidium* was detected in 26 (3.9%), 37 (5.5%), 32 (4.8%) and 40 (6%) HIV-seropositive and 8 (2.3%), 10 (2.9%), 9 (2.6%) and 9 (2.6%) HIV-seronegative patients by ZN staining, AP staining, antigen detection ELISA and PCR, respectively. None of the healthy controls was infected with *Cryptosporidium* \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].
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*Cryptosporidium* positivity by any one or more techniques

![](TP-2-20-g001)

###### 

Comparative analysis of modified Ziehl-Neelsen (ZN), Auramine phenol (AP), antigen detection (ELISA) and PCR for detection of *Cryptosporidium* in HIV-seropositive patients (*n*=671) and HIV-seronegative patients with diarrhea (*n*=353)
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Sensitivity, specificity, positive predictive value and negative predictive value of various techniques {#sec2-9}
-------------------------------------------------------------------------------------------------------

For the assessment of these parameters, the criteria of 'true positive' was formulated on the basis of positivity by any two or more of the techniques (ZN staining, AP staining, ELISA and PCR), which was taken as "Gold Standard". Thus a total of 43 samples were 'true positive' for *Cryptosporidium*. On comparison of different techniques based on "gold standard", sensitivity of ZN staining and antigen detection ELISA was 79.06% and 95.3% respectively \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. AP staining and PCR were 100% sensitive. Specificity of both ZN staining and Ag detection ELISA was 100% while specificity of AP staining and PCR was 99.6% and 99.4% respectively.

DISCUSSION {#sec1-4}
==========

To the best of our knowledge, reports of comparison of these four techniques i.e. modified ZN staining, rapid AP staining, antigen detection ELISA and PCR for the diagnosis of intestinal cryptosporidiosis are lacking. In the present study we have evaluated these four techniques in HIV-seropositive, HIV-seronegative and healthy subjects so as to find out the best, cheap and reliable method for the diagnosis of intestinal cryptosporidiosis.

In our study, *Cryptosporidium* was detected in 26 (3.9%) HIV-seropositive and 8 (2.3%) HIV-seronegative patients by ZN staining. In previous studies from India, it was reported in 3.7-36.22% of HIV-seropositive patients,\[[@ref4]--[@ref7]\] and 0.06-13% of HIV-seronegative patients with diarrhea.\[[@ref5][@ref14][@ref16][@ref17]\] In our study, ZN staining has been found to be 100% specific with sensitivity of 79.06% which is in accordance with previous studies where ZN staining has been found to be 98.9-100% specific with sensitivities ranging from 37-90%.\[[@ref5][@ref7][@ref8]\] With ZN staining, difficulties arise due to poor uptake of stain by oocysts sometimes, in discriminating between *Cryptosporidium* oocysts and other spherical objects of similar size (yeasts) staining dull red.

*Cryptosporidium* oocysts stained with AP appear ring-shaped (4-6 μm in diameter) and exhibit a characteristically bright yellow fluorescence. In the present study, AP staining had 100% sensitivity, which is in accordance with earlier studies and may be attributed to the fact that it stains oocyst outer wall as well as internal structures and phenol accelerates AP penetration through oocyst walls.\[[@ref12]\] *Cryptosporidium* oocysts stain against a dark background and the smears can be easily examined under 20X or 40X objective.\[[@ref12][@ref18][@ref19]\] In our study, the specificity of AP was 99.6% which is similar to that reported by Kang and Mathan.\[[@ref19]\] Thus AP is better than ZN due to high sensitivity and almost comparable specificity; lower screening time per smear (30 sec vs. 7 min) and screening at low magnification (×400).

Oocysts might not be detectable in clinical samples from all cryptosporidiosis cases and in such cases copro-antigen detection assays and PCR-based methods (nested PCR being more sensitive) have high diagnostic index.\[[@ref12]\] Antigen assays have an advantage of not requiring skills in microscopic identification of organisms and their specificity has been reported to be high.\[[@ref12]\] However, variable sensitivities (66.3-100%) and specificities (93-100%) have been reported using different kits.\[[@ref20][@ref21]\] In our study, *Cryptosporidium* antigen detection ELISA was 100% specific with a s ensitivity of 95.35%. The commercially available copro-antigen detection ELISA formats use monoclonal antibodies (mAbs) which recognize different sets of surface epitopes and mAbs used in these ELISA kits may not react or react weakly with antigens of different *Cryptosporidium* species. In addition the cost of test per sample has been reported to be much more than microscopic examination. Thus, ELISA appears to offer no increase in sensitivity over microscopy especially in comparison to AP.\[[@ref12]\]

PCR-based methods are reported to be more sensitive than conventional and immunological assays for detecting *Cryptosporidium* oocysts in feces.\[[@ref5][@ref12]\] Similar to previous studies from India\[[@ref5]\] and other parts of the world,\[[@ref8]\] PCR showed high sensitivity (100%) while specificity was 99.4%. Thus, PCR is less specific (99.4%) than ZN (100%), ELISA (100%) and AP (99.6%) but has high sensitivity similar to AP staining. Moreover, the cost of PCR, time taken for each reaction and expertise is highest amongst all the four techniques used in the current study. Molecular methods are restricted to specialist laboratories, but are necessary to determine *Cryptosporidium* species/genotypes and subtypes.

In conclusion, this study shows that AP, a simple fluorescent staining, is highly sensitive, specific, cost-effective and less time-consuming. Thus for the diagnosis of intestinal cryptosporidiosis we can rely on AP staining technique. However, for the identification of *Cryptosporidium* species/genotypes molecular techniques are indispensable.
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